Chemical context
Chromium(VI) compounds are highly cytotoxic and potential carcinogens (Cohen et al., 1993) . A number of treatment methods for the removal of such toxic heavy metal ions in water have been described (Kalidhasan et al., 2016), and 1,4,8,11-tetraazacyclotetradecane (cyclam) is possibly one of the most useful candidates for this purpose since it has a strong ability to act as an effective metal-ion binding molecule. The azamacrocycle is a strong basic amine to form a dication, (C 10 H 26 N 4 ) 2+ , or a tetracation, (C 10 H 28 N 4 ) 4+ , in both of which all of the N-H bonds are generally active in hydrogen-bond formation. These di-or tetraammonium cations may also be suitable candidates for the removal of toxic metal ions. Previously, the syntheses and crystal structures of [H 2 (cyclam)](ClO 4 ) 2 (Nave & Truter, 1974) , [H 2 (cyclam) ]Cl 2 Á-0.5H 2 O (Kim et al., 2009) , [H 4 (cyclam) ](NO 3 ) 4 Á2H 2 O (Harrowfield et al., 1996) , [H 2 (cyclam)](maleate) 2 (Mireille Ninon et al., 2013) , [H 4 (cyclam) ](HSO 4 ) 4 (Said et al., 2013) , [H 4 (cyclam) (Robinson et al., 1989) and [H 4 (cyclam) ](SO 4 ) 2 Á6H 2 O (Subramanian & Zaworotko, 1995) have been reported. The crystal structure of neutral cyclam has also been determined (Robinson et al., 1989) , but a combination of the 1,4,8,11-tetraazoniacyclotetradecane cation with the [CrO 7 ] 2À anion has not been reported. We give here details of the preparation of the title compound, a new hydrated organic dichromate(VI) salt, [H 4 (cyclam) ][Cr 2 O 7 ] 2 Á-H 2 O, (I), and its structural characterization by synchrotron single-crystal X-ray diffraction.
Structural commentary
An ellipsoid plot of the molecular components of (I) along with the atom-numbering scheme is shown in Fig. 1 . The asymmetric unit comprises of two half-cations (both completed by crystallographic inversion symmetry), two dichromate anions and one water molecule. Within the centrosymmetric tetra-protonated amine unit, (C 10 H 28 N 4 ) 4+ , the C-C and N-C bond lengths range from 1.491 (3) to 1.520 (3) Å and from 1.489 (3) to 1.524 (3) Å , respectively. The range of N-C-C and C-N-C angles is 109.84 (19) (Moon & Choi, 2016) .
It is of interest to compare the conformation of the [CrO 7 ] 2À anion with those found in other ionic crystals. In (I), the two [CrO 7 ] 2À anions exhibit a nearly staggered conformation whereas an eclipsed conformation is observed for (C 3 (Zhu, 2012; Trabelsi et al., 2015) . The conformation of dichromate anions appears to show a dependence on the size of the associated counter-cation (Moon et al., 2015 . The Cr1A-O1A-Cr2A and Cr1B-O1B-Cr2B bridging angles in the anions in (I) are 133.37 (11) and 136.28 (12) , respectively, slightly larger than 130.26 (10) in [Cr(urea) Table 1 Hydrogen-bond geometry (Å , ). 
Figure 2
The crystal packing in compound (I), viewed perpendicular to the bc plane. Dashed lines represent N-HÁ Á ÁO (pink) and O-HÁ Á ÁO (cyan) hydrogen-bonding interactions, respectively. H atoms bound to C atoms have been omitted.
Figure 1
The structures of the molecular components in (I), drawn with displacement ellipsoids at the 60% probability level. 
Supramolecular features
Extensive N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen-bonding interactions occur in the crystal structure (Table 1) . Two O-HÁ Á ÁO hydrogen bonds link the water molecule to two neighboring [CrO 7 ] 2À anions while N-HÁ Á ÁO hydrogen bonds interconnect the (C 10 H 28 N 4 ) 4+ cations with both anions ( Figs. 1 and 2 ). An extensive array of these contacts generates a three-dimensional network ( Fig. 2) and, apart from Coulombic interactions, these hydrogen-bonding interactions help to stabilize the crystal structure. 2+ cations, but a combination with dichromate anions has not been reported.
Database survey

Synthesis and crystallization
Cyclam (98%) was purchased from Sigma-Aldrich and used without further purification. All other chemicals were reagentgrade materials, and were used as received. 0.102 g of chromium trioxide (1 mmol, Sigma-Aldrich) was dissolved in 20 ml of water and 0.012 g of cyclam (0.06 mmol, SigmaAldrich) was added at room temperature. The mixture was stirred for 30 minutes and the resulting solution was filtered. The neat filtrate was allowed to stand for one week to give block-like yellow crystals of (I) suitable for X-ray structural analysis.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All hydrogen atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms, with C-H = 0.99 Å and N-H = 0.91 Å , respectively, and with U iso (H) values of 1.2U eq of the parent atoms. The hydrogen atoms of the solvent water molecule were assigned based on a difference-Fourier map, and were refined with distance restraints of 0.84 (2) Å (using DFIX and DANG commands), and with U iso (H) values of 1.5U eq of the parent atom. The remaining maximum and minimum electron densities in the final Fourier map are located 0.85 and 0.54 Å , respectively, from the Cr1B site. Six reflections with a poor agreement between measured and calculated intensities were omitted from the final refinement cycles. Extinction coefficient: 0.0096 (10)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
